This work aimed to evaluate the postharvest quality of custard apple (Annona squamosa L.) fruits submitted to different packaging under refrigerated storage. Fruits were unpacked (control), individually packed in polyvinylchloride (PVC) film, or packed in expanded polystyrene trays enveloped in PVC film, and tested during five periods of storage (0, 4, 8, 12, and 16 days) at 10°C. Data of mass loss, pulp hardness, soluble solids (SS), titratable acidity (TA), pH, vitamin C, and water activity (WA) were recorded at harvest and every 4 days over the storage period. Custard apple fruits stored at 10°C and packed in PVC film had reduced mass loss. The modified atmosphere packaging also resulted in decreased loss of firmness, providing about a 12 day postharvest life. Soluble solids and total titratable acidity concentrations did not increase significantly during storage. All fruits presented reduction of water activity (WA) during the storage period. The use of packaging films significantly reduced weight loss, preserved firmness and color of fruit. The modified atmosphere allowed for a shelf-life of 12 days at 10°C.
INTRODUCTION
Brazil plays a very important role in the world production and consumption of tropical fruits. Among these are fruits of the Annonaceae family. This family includes around 120 genera and 200 species, encompassing a group of fruit crops of economical importance -sour soup (Annona muricata L.), custard apple (Annona squamosa L.), cherimoya (Annona cherimola Mill.) , and atemoya (Annona cherimola × A. squamosa L.) -in countries such as Chile, Australia, and Brazil. The specie Annona squamosa L. produces delicate fruits with much appreciated taste. Custard apple fruits reach high prices and are placed in the European and North American markets as an exotic fruit.
The northeast region of Brazil has perfect conditions for cultivation of a diverse variety of fruit species that can help in its social-economic development. However, the development of post-harvest fruit conservation technologies, despite some evolution in the last years, is still rare or non-existent for some fruits.
It is apparent that there is a growing demand in the internal and external markets for custard apple fruits. This increasing demand has stimulated fruit growers and companies to request researchers to develop methodologies that can favor higher production and better fruit quality. The large interest from consumers and the food industries for frozen pulp justifies the inclusion of custard apple among the Brazilian tropical fruits of excellent commercial value.
Inadequate handling and storage of delicate products, lack of refrigeration and inappropriate installations for processing can lead to physical, nutritional and quality losses. Therefore, post-harvest knowledge and awareness of the available technologies is of vital importance for the maintenance of fruit quality. Processes for fruit conservation became very important to increase the market value of products.
In general, post-harvest life span of Annona fruits is limited by physiological deterioration, caused by fruit over ripening, loss of pulp firmness, and darkening of the skin caused by the development of pathogens (Silva et al., 2009) . Being a climacteric fruit, the loss of flesh consistency and skin darkening are associated with rapid elevation of the ethylene synthesis at the beginning of the ripening process (Martinez et al., 1993 Some fruits with short life span such as kaki (Diospyros kaki) can be preserved for two months when packed in 0.8 mm thick polystyrene bags and stored at 0°C (Martins and Pereira, 1989) . Melo et al. (2002) doubled the cherimoya life span from 2 to 4 weeks using zeolite plastic film. Cashew (Anacardia ocidentale L.) could be maintained commercially for up to 25 days when fruits were wrapped in PVC (Morais et al., 2002) . Silva et al. (2009) found that refrigeration preserved 'Genifer' atemoya for up to 15 days.
The present work aimed to evaluate the post-harvest quality of custard apple (Annona squamosa L.) submitted to different packaging and refrigerated storage.
MATERIALS AND METHODS
Fruits used in the trial were picked from a commercial orchard in Iguaci Country, State of Alagoas, Brazil. Fruit were harvested at physiological maturity (under ripe) on 14 July 2008, placed in plastic boxes and sent to the Food Technology Laboratory (FTL) at Sergipe Federal University (UFS). Treatments were arranged in a 3×5 completely randomized factorial design with three replications, and were composed of three package systems: control (unpackaged); fruits individually wrapped with PVC film; and fruits packed in expanded polystyrene trays, overwrapped with PVC film. Packaged fruit were stored for 0, 4, 12, and 16 days at 10°C.
Fruit were evaluated every 4 days for the following attributes: a) mass loss: fruits were weighed in a digital scale with 0.1 g precision; b) firmness: fruit measured by a penetrometer with 8 mm tip, values expressed as pound/inch 2 and transformed to N; c) total soluble solids (SS): obtained in a manual refractometer according to AOAC (1992) , with contents expressed as °Brix; d) total titratable acidity (TTA): obtained by titration with NaOH 0.1 N and 1% phenolphthalein as indicator, with values expressed as % citric acid; e) vitamin C: measured by titration with DCPIP (dichlorophenolindophenol) with values expressed in mg Vit. C 100 g -1 FM; f) pH: read on an electronic potentiometer, using 5 g of pulp per 50 ml distilled water; g) water activity (aW): measured in a AquaLab humidity instrument; h) skin and flesh color: measured in a Minolta CR-10 colorimeter. The Darkness Density (DE); Darkness Intensity (IE) and Brightness (L) were evaluated.
RESULTS AND DISCUSSION
The skin color is an important quality attribute, contributing to good appearance and influencing consumer purchase (Clydesdal, 1993) . In the present work a more intense DE was noticed in unpacked fruits with a maximum at day 12 (Fig. 1A) , coinciding with greater intense brightness loss (Fig. 1E) . Similar behavior was observed in flesh color (Fig. 1B, D, F) . Similar results were observed by Cia et al. (2003) in kaki fruits.
The mass loss increased significantly with time reaching a pick at day 12 and was higher in unpacked fruits (Table 1) . Fresh matter maintenance of packed fruits during the storage period might occur due to the increase of RH inside the pack, saturating the surrounding atmosphere leading to a reduction in water vapor pressure deficit. Such behavior may also explain a lower mass loss in fruits individually packed. Similar behavior was observed in 'PR3' atemoya (Yamashita et al., 2002) and in other fruits such as 'Tommy Atkins' mango (Sousa et al., 2002) , in 'Flordaprience' peach (Kluge et al., 1999) , in kaki (Antoniolli et al., 2001) , and in atemoya (Silva et al., 2009) .
A decrease in firmness was observed along the storage time (Table 1) in all tested treatments. The flesh consistence loss is directly linked to fruit maturation provoked by the PME enzymes (pectinmethylesterase) and PG (polygalacturonase) that act at the cell wall level. The activity of these enzymes promotes the solubility of pectic substances of the cell wall and, consequently fruit softness (Kays, 1991) .
A reduction in water activity (WA) was observed with time for all the treatments. The WA lower values were observed at day 12 of storage (Table 2) .
SS concentrations increased with time that in general is accompanied by the decline of acids contents and by their conversion to sugars of the glicolic via (Kays, 1997) . According to Jeronimo and Kanesiro (2000) that fact is also related to the transformation of the accumulated reserves during the buildup and development of such as soluble sugars. Elevated SS values and a complete loss of turgidly with a consequent flesh concentration can be attributed to the advance of the maturation process. Fruits packed in trays+PVC had smaller increment of the SS content ( Table 2 ). The highest SS values registered in no packed fruits must be occurred by the fruits water lost, increasing sugar concentration by gram of tissue. An increase in the TTA level during the storage was more accentuated in unpacked fruits ( Table 2 ). The highest TTA values found in no packed fruits may be related to higher fruits water losses, resulting in a higher concentration of organic acids present in the cell sap. Weishman (1986) mentioned that the organic acids levels tend to decline and not increase during fruit maturation, due to their use as subtracts for plant respiration via the tricarboxilic acid cycle or by their conversion to sugars (Chitarra and Chitarra, 2005) . By the other hand, Sousa (2002) suggested that total acidity levels tend to increase with fruit size increasing up to its full physiological development, and hence start to decrease along the maturation process. Such behavior was observed in the present work, mostly in unpacked fruits and in those individually packed.
Significant differences among treatments were found for vitamin C content, with the highest values observed in unpacked fruits (Table 2 ). After 9 days of storage a reduction in vitamin C was observed. A maximum vitamin C content in fruits packed in trays+PVC occurred after 8 days, returning to lower levels afterwards. Fruits of that treatment had the lowest vitamin C contents. A reduction in vitamin C was also observed by Lee and Kader (2000) in different fruits and vegetables, and may be related to the progress of the maturation process. Vitamin C can be considered as an indicator of quality loss in fruits (Klein, 1987) . According Saari et al. (1995) vitamin C is very unstable and its degradation is related to an easy oxidation of the ascorbic acid, and the ascorbate oxidase enzymatic action. The estimation of the vitamin C content is of great importance, since as the most thermolabile vitamin; its presence in food indicates that other nutrients are also probably being preserved.
In relation to flesh pH, a significant increase was observed along the storage time (Table 2) . Smaller oscillations were observed in individually packed fruits considering that the polystyrene film assured them a less contact with atmosphere, retarding the biochemical transformations responsible by fruit pH alterations.
CONCLUSIONS
Plastic film packaging significantly reduced mass loss and preserved the color. Packaging allowed for a postharvest life of 12 days for custard-apple compared with less than 8 days for unpackaged fruit.
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